A b s t r a c t -A frequency modulated laser radar i s being developed for in-vessel metrology a n d viewing of plasma-facing surfaces. S o m e optical components of this sensor must w i t h s t a n d intense gamma radiation ( 3 x I O 6 rad/h) d u r i n g operation.
I. INTRODUCTION
A frequency modulated coherent laser radar (CLR) system is being designed [l] for metrology and viewing of plasmafacing components in the International Thermonuclear Experimental Reactor (ITER). Soon after the fusion reactor begins operation, because of neutron activation of the reactor wall, the gamma radiation level inside the reactor will remain very high (estimated to be 3 x l o 6 rad/h, a day after shutdown). Each metrology campaign in the ITER could last for times on the order of tens of hours. Because several such campaigns are anticipated during the life of ITER, radiation hardness in the 108-109 rad level is required of the metrology sensor components. Experimental information on radiation effects on components at such a high dose level is very sparse, particularly for some of the special optical components required for the ITER CLR metrology system. For the metrology device, two crucial components that required radiation testing were the acusto-optic (AO) beam deflector and the polarization maintaining (PM) optical fiber.
The A 0 device utilizes diffraction of light by sound waves and has the potential for fast scanning of the laser beam; the PM fiber is required for transporting the beam. The heart of the A 0 beam deflector is a TeO, crystal, which has a large diffraction figure of merit.
Published results on radiation effects on PM fibers [ 2 4 ] are disparate and mostly cover radiation levels below IO6 rad.
Marrone et al. [5] examined the effects of radiation on both optical loss and PM ability of a Corning 0.85ym PM fiber. The loss increased with dose, while the polarization parameter was unaffected. Although pure silica core fibers are known to have high radiation resistivity, F doped OH free cores are shown to improve the radiation resistance [6] . No known published information is available on radiation effects on A 0 devices.
EXPERIMENTAL CONFIGURATION
The gamma irradiation facility associated with the High Flux Isotope Reactor (HFIR) at Oak Ridge National Laboratory is used for the experiments. Specimens can be placed through an S-shaped tube in proximity with the spent-fuel rod stored in the reactor pool. The bottom end of the tube is placed adjacent to the spent-fuel rod, while the mouth of the tube protrudes above the reactor pool water level (Fig. 1) . 0-7803-4226-7/98/$10.00 0 1998 IEEEThe gamma dose near the spent-fuel rod, 24 hours after it is removed from the reactor, is typically about 2 x 10' rad/h, decaying with time as shown in Fig. 2 . The energy spectrum of the gamma radiation from the HFIR spent-fuel rods is Maxwellian, with an average energy of -1 MeV (Fig. 3) . This is roughly similar to the gamma energy spectrum anticipated in ITER. 
It
A diode source providing a 1550-nm wavelength laser beam was coupled to one end of the fiber using appropriate PM connectors. The laser beam emerging from the other end was collimated and split into the two polarization components using a Wollaston prism. The magnitudes of the power in the two components of the beam were measured as a function radiation dose. Attenuation as well as changes in polarization could be measured in this manner. Although provisions were made for computerized data acquisition, this automatic data collection system malfunctioned. Therefore, the data points were manually collected by entering the reactor zone periodically.
EXPERIMENTAL RESULTS

A. Tellurium Oxide Crystal
Prior to irradiation, the lattice parameters of the TeO, crystal were characterized by x-ray diffraction.
The results: a = 4.809 C 0.00lA b = 4.809 C 0.00lA and c = 7.612 f 0.003 A, were in agreement with published standards on this material. The measurements were then repeated after irradiating the crystal to a total gamma dose of 5.9 x 10' mi (at a rate of 2.2 x IO6 radlh). There was no measurable change in any of the lattice parameters.
The transmission through the crystal as a function of wavelength, in the range of 800-2000 nm, was measured using an IR spectrometer, both before and after irradiation. The results are shown in Fig. 5 . No noticeable change was found in transmission characteristics due to irradiation, although "browning" of the crystal was evident. In conjunction with the irradiation of the PM fiber (described in the next section), a second sample was introduced into the test cell. This sample was irradiated to a higher dose (-IO9 rad), and as in the first sample, the transmission characteristics were not affected.
B. Polarization Maintaining Fiber
The Fujikura Panda fiber (SM. 15-P-8/125,UV/VV-400) had silica core with UV-cured resin cladding. No other protective jackets were used. The fiber was irradiated to an aggregated dose of 1.4 x lo9 rad at a rate of 3 x lo7 rad/h. The PIN diode used to measure the e-component of the polarized light ceased functioning a few minutes after it was set up. This was replaced with a different type (with no collimating lens), but because it did not have sufficient sensitivity, measurement of the e-polarization component was not very reliable. However, within the uncertainty of the signal, the 0-and e-components varied, maintaining the same ratio. Thus, irradiation had no noticeable effect on the polarization of the PM fiber. This conclusion was subsequently verified in the laboratory by comparing the two polarization components of an irradiated length of the fiber to those of a nonirradiated length. The irradiation affected the laser transmission in the manner shown in Fig. 6 . The measured attenuation for the 10-m irradiated length of the fiber, at a cumulative dose of 1.4 x lo9 rad, was 38%. The radiation produced significant discoloration in the cladding material, but the core material was not visibly affected. There was some flaking of the cladding at the midportion of the sample, where the radiation dose was the highest (the radiation dose varies along the length of the sample, peaking at the center and falling off on either end), but the core of the fiber was not visibly changed. In addition, the bending characteristics were not affected. Figure 7 illustrates the cladding damage, and Fig. 8 shows that the fiber could be bent to the minimum suggested diameter even after irradiation (--25-mm bending diameter).
IV. FUTURE PLANS
Although the TeO, crystal exhibited very high radiation tolerance for the IR laser beam transmission, it is necessary to verify the complete operation of the A 0 device in the radiation environment. A dynamic test is planned wherein the beam deflection through the device will be monitored as a function of irradiation level. The experimental arrangement for this test, shown in Fig. 9 , is currently being assembled.
The experiment will consist of sending a laser signal through the A 0 device that is driven at the appropriate level, reflecting the deflected beam back to the fiber, and monitoring the signal level of this component with the help of a fiber coupler and a PIN diode.
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